6. Analyses of trace metals in benthic invertebrate and periphyton samples and bottom material with particle sizes less than 0.02 mm 
INTRODUCTION
Analyses of samples collected in the Salmon Creek basin, Clark County, Wash., are given in tables 2-8. The study resulted from concern expressed by the Clark County 208 study group that toxic metals may be killing benthic invertebrates. The group had previously collected benthic invertebrate samples and water samples in the Burnt Bridge Creek basin (south of Salmon Creek basin) that showed low counts of benthic invertebrates and the presence of mercury in the water.
The objectives of this study were to (1) collect additional data on trace-metal concentrations in the water and bed sediment, (2) collect benthic invertebrate and periphyton samples in order to describe community structure, and (3) analyze benthic invertebrates and periphyton for their trace-metal content. Field data were obtained between September 14 and November 30, 1978.
Salmon Creek, north of Vancouver, Wash., which flows southwestward through Clark County into Vancouver Lake (see fig. 1 ) was sampled at two points. The upper basin, sampled at Brush Prairie, has a drainage area of 48.7 mil. Land use in the upper basin is primarily agricultural, with some logging. The lower basin, sampled at Salmon Creek County Park, has a drainage area of 81.3 mil. Land use is mostly light residential, with other areas used for dense residential, commercial, forest, and parks.
Cougar Creek enters Salmon Creek from the southwest. The drainage area includes a 2.88-mi2 area, of which 45 percent is parks, forests, and vacant lots; 5 percent agricultural; 40 percent light residential; 2 percent dense residential; and 8 percent commercial (Laenen and Solin, 1978) .
The locations of the three sampling sites are shown in figure 1. Table 1 gives the site numbers, names, and locations, as determined from U.S. Geological Survey 71/2-minute series topographic maps, and the types of land use upstream from each site. During sampling in September and October, sampling site 1 on Salmon Creek at Brush Prairie was a riffle area ranging from 20 to 30 ft in width, approximately 25 ft in length, and less than 1 ft in depth. The site was about 200 ft upstream from the bridge where the road from Brush Prairie crosses Salmon Creek. A reference point was established with a nail in an ash tree on the left bank (looking downstream) about 150 ft upstream from the bridge. The storm of November 30, 1978 , was sampled at the bridge.
During sampling in September and October, sampling site 2 on Salmon Creek at Salmon Creek County Park was a riffle area ranging from 30 to 40 ft in width and less than 1 ft in depth. Except for storm samples, which were collected near the bridge in November, samples were collected about 300 ft upstream from the park bridge. Between the bridge and Interstate Highway 5, an urban storm sewer empties into the creek.
During September, sampling site 3 on Cougar Creek at mouth (upstream from a culvert at the mouth of Cougar Creek) was a riffle area about 8 ft in width and 6 in. or less in depth. A nail, painted red, in an alder seedling on the left bank approximately 60 ft above the culvert, was established as the reference point. Storm sampling on November 30, 1978, was done at gaging station 14213040, approximately 1,000 ft upstream from the culvert. 
SAMPLING GUIDELINES AND LABORATORY METHODS

Water
All sampling, excluding that done during the storm event, included field measurements of water temperature and dissolved oxygen. Specific conductance and pH were measured in the laboratory.
Sample bottles were hand filled from the riffle area. Samples for dissolved constituents were filtered, and acidified with concentrated nitric acid. Discharge was measured using U.S. Geological Survey standard techniques (Buchanan and Somers, 1969) .
Storm samples were collected using a depth-integrating US DH-48 suspended-sediment sampler. At both Salmon Creek sites 1 and 2, the current was too strong during the November 30 storm sampling to permit wading across the creek. Therefore, several samples were collected from both left and right banks, moving toward the middle of the creek. Upon return to the laboratory, samples were mixed in a water-sediment sample splitter and subsampled. Suspended-sediment concentrations were determined as described by Guy (1969) .
Base-flow water samples were analyzed for major constituents and for total and dissolved concentrations of arsenic, cadmium, chromium, copper, lead, zinc, selenium, and mercury, in accordance with procedures described by Skougstad and others (1978) (table 2) . Additional samples were collected, including the storm samples, and were analyzed for total and dissolved trace metals. With the exception of storm samples, a dissolved metal was determined only if detected in the total concentration analysis. Table 3 lists the trace-metal-concentration and physical data for low-flow and storm conditions. pH ( 
Bottom Material
Two types of bottom material were collected during low flow at each site. Fine bottom sediments were analyzed for size and extractable metals, and coarse material was analyzed for size.
Fine-sediment samples were collected in duplicate from areas along the streambanks where the current was slow because of obstruction by vegetation. Particle-size analyses, determined by methods described by Guy (1969) , are shown in table 4. The less than 0.02-mm-sized material from the second finesediment sample was analyzed for extractable cadmium, chromium, copper, lead, manganese, zinc, and mercury at the U.S. Geological Survey Central Laboratory in Arvada, Colo. (table 6 ). Cobble-material samples were collected in duplicate at each site in the riffle area using a 1-by 1-ft metal frame as a quantifier. The material was measured along its primary and secondary axes to the nearest 0.25 in. Percentage composition by size was calculated using the secondary axis as a measure of the smallest sieve size that each rock might pass through. The results are shown in table 5.
Periphyton
Periphyton samples were collected from each site during low-flow conditions in September. In October, additional sampling was done at the two Salmon Creek sites to determine variability over time.
The samples were analyzed for (1) identification, abundance, and diversity of organisms; and (2) trace-metal concentrations. Samples for the first type of analysis were preserved with solutions of 40 percent Formalin + CuSO4 and 20 percent detergent, in accordance with Slack and others (1973) . The Two sampling techniques were used. The preferred technique for collecting samples for organism identification involved removing periphyton from 10 rocks, chosen at random along a transect across the creek bottom, by scraping a 1-in.-square area with a 1-in.-wide glass microscope slide. Additional periphyton required for metal analysis were either scraped from many rocks in 1-in. squares or from fewer rocks in 2-in. squares, depending on the volume of periphyton. Generally, a minimum of 10 grams was collected to ensure accurate trace-metal analysis.
Periphyton could not always be completely scraped from porous rocks; and, because the distribution of algal species was often extremely uneven over individual rock surfaces, a 1-in. square was not always representative of the population. In these instances, an alternate technique was used, involving collection of periphyton in 2-in, squares from enough rocks to obtain more than 10 grams. After mixing each sample, a subsample was removed and preserved for identification" using methods described by Slack and others (1973) . A diversity index (H) was determined for each sample. (See appendix.)
Results of trace-metal analyses are listed in table 6; periphyton identification, abundance, and diversity are listed in table 7. Patrick and Reimer (1966, 1975) , and Prescott (1961) Patrick and Reimer (1966, 1975) , and Prescott (1961) Benthic invertebrate samples were collected on the same schedule as the periphyton samples. The samples were collected at random from riffle areas at each site, avoiding areas disturbed during previous sampling. Sampling was done using a 1-by 1-ft Surber sampler with mesh openings of 0.21 mm. Rocks and other bottom materials were gently rubbed clean by hand, allowing the dislodged organisms to drift with the current into the Surber net. Cleaned rocks were set to one side to prevent them from being washed back into the framed area and to minimize the number of benthic organisms dislodged directly upstream from the framed area. For the same reason, the collector worked downstream or to the side of the sampler. Where possible, rocks and gravel were removed and cleaned to a depth of about 6 in. Benthic invertebrate identifications and numbers are shown in table 8. The results of tracemetal determinations for benthic invertebrates are listed in table 6.
One Surber sample from each sampling was preserved, using 70 to 90 percent ethanol for identification and quantification. The invertebrates were extracted from the detritus, sorted by hand under 10-power magnification, and identified with the aid of the keys and references footnoted in table 8. Diversity indexes were calculated as shown in the appendix.
Two to four additional Surber samples from each sampling were combined, and the invertebrates were extracted from the detritus, weighed, and frozen. The combined samples generally provided the 10 grams desirable for the analysis of metals in the dried material. The analyses were made at the U.S. Geological Survey Central Laboratory in Arvada, Colo. (E. L. Skinner, U.S. Geological Survey, written commun., February 15, 1979). Drift nets were tried for the collection of invertebrates for metal analysis, but they did not give satisfactory results. Drift nets set on September 14 at site 1 between 1730 and 2000 hours yielded neither the necessary quantity of invertebrates nor a sample representative of the invertebrates collected with the Surber sampler. Holsinger (1972) . if / Merritt and Cummins (1978) . E. L. Quan (Oregon Department of Environmental Quality, personal commun., October 1978) for verification. (7/ Anderson (1976 ). 7/ Bauman, Gaufin, and Surdick (1977 ) a-I Brown (1972 . 9/ Edmunds, Jensen, and Berner (1976) . 10/ Usinger (1956) . Henderson (1929 Henderson ( , 1936 .
APPENDIX
The following diversity equation, as derived by Patten (1962) 
